184  ... NATURE OF MATTER AND ENERGY
At the opening of this chapter we raised the question: Is matter
something that has energy, or is energy something that has matter?
This question, far-fetched though it may have sounded to the
reader, now seems to be leading us somewhere. We see that energy
and matter are intimately related. Chemical actions which pro-
duce heat are called exothermic; those that absorb heat, endo-
thermic. The combustion of coal, for example, an exothermic re-
action, yields from 1,500,000 to 3,800,000 calories per pound of coal,
depending on the quality of the coal. This is enough heat to warm
from 16 to 40 quarts of liquid water from ice-cold to boiling, under
standard conditions. Another interesting example of exothermic
action is found in the centuries-old Dutch method of making white
lead for painters. The fermentation of tanbark furnishes not only
the carbon dioxide needed in the reaction, but also the heat^ re-
quired to vaporize acetic acid. (Acetic acid is the characteristic
ingredient of vinegar.)
On the other hand, the union of carbon and sulphur to form
carbon disulphide, a poisonous insecticide to be used in our next
experiment, is endothermic, absorbing 171,300 calories of heat for
every pound of carbon disulphide that is formed.
Other forms of energy are also involved in many reactions. Wit-
ness the kinetic energy acquired by the debris sent hurtling towards
the sky when dynamite and trinitrotoluene (TNT) undergo their
best-known reactions; the absorption of light energy by the chemi-
cal action of photography; the liberation of light energy by a firefly;
the electric energy produced by the chemical action that goes on in
flashlight cells and automobile storage batteries.
We have already laid great stress on the physical principle of con-
servation of energy; but the plain fact is, that this great law does
not hold when chemical transformations occur unless that mysfe-